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PRELIMINARY AMENDMENT 

Director of the U.S. Patent and Trademark Office 
Washington, D. C. 20231 

Sir: 

Prior to initial examination, please amend the above-identified application as follows: 
IN THE CLAIMS : 

Please amend claims 7, 10-12, 14, 15, & 17 as follows: 

Claim 7, line 10, delete "or 4". 

Claim 10, line 10, delete "or 6". 

Claim 11, line 2, delete "or 6". 

Claim 12, line 2, delete "or 6". 

Claim 14, line 2, delete "or 6". 

Claim 15, line 2, delete "or 6". 

Claim 17, line 2, delete "or 6". 
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amended to eliminate multiple dependencies. Prompt and favorable examination on the merits is 
respectfully solicited. 
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BACKGROUND OF THE INVENTION 
Field of the Invention: 

The present invention relates to a fuel battery in which fuel gas and 
oxidizing agent gas are used as reaction gases and also relates to a separator for 
the fuel battery and a manufacturing method of the separator. 

Technical background: 

Disclosed in Japanese Patent Laid-open Publication Nos. 8-507402 and 
11-126621 is a ftiel battery in which fuel gas and oxidizing agent gas are used as 
reaction gases. The fuel battery is composed of a plurality of cell function 
assemblies arranged in parallel and fastened by a plurality of mounting bolts 
through a pair of spaced current-collecting plates made of conductive material 
and a pair of spaced insulation support plates. The cell function assemblies 
each are in the form of a cell function assembly 10a as shown in Fig. 1. The 
cell function assembly 10a is composed of a set of spaced solid electrolytic 
membranes 14, two pairs of electrode plates 13a, 13b adhered to opposite 
surfaces of each solid electrolytic membrane 14, and a set of three separators IS 
assembled to retain the solid electrolytic membranes 14 in position. The 
separators IS are adhered to one another by means of an adhesive agent such as 
epoxy resin and fastened by mounting bolts through a pair of spaced 
current-collecting plates 11 and a pair of spaced insulation support plates 12. 

In the fuel battery, the separator 15 is, in general, made of conductive 
material such as carbon resistant to oxidation-reduction atmosphere caused by 
chemical reaction of the reaction gases. The separators 15 are arranged to form 
reaction chambers Rl, R2 for chemical reaction of the reaction gases in die cell 
function assembly 10a and to derive an electric power generated at the electrode 
plates 13 a, 13b to the exterior. The separator 15 has a fiat plate portion 15a 
forming the reaction chambers RL, R2 and a plurality of columnar projections 
15b in contact with the electrode plates 13a, 13b. 

For manufacture of the separator 15, an expensive carbon block 
of predetermined thickness is used as a material of the separator 15. In a 
manufacturing process of the separator 15, the carbon block is machined by 
cutting at one side or both sides thereof to form the columnar projections 15b of 
separator 15. As die cutting process of the carbon block is time-consuming the 
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manufacturing cost of the separator 15 becomes very expensive, for example, 
several ten thousand yen per one piece. Due to sack expensive manufacturing 
cost, use of this kind of fuel battery may not be widely popularized. 

As the separator 15 in the fuel battery is conductive in its entirety, 
the components of cell function assembly 10a are electrically connected. For 
this reason, an electric power may not be generated at different voltages in the 
fuel battery. 

It is, therefore, a primary object of the present invention to reduce 
the manufacturing cost of the separator as lower as possible for providing this 
kind of fuel batteries at a low cost. 

A secondary object of the present invention is to provide this kind of 
fuel batteries capable of generating an electric power at different voltages in a 
range from a high voltage to a low voltage. 

DISCLOSURE OF THE INVENTION 

The present invention relates to a fuel battery of the type in which fiiel 
gas and oxidizing agent gas are used as reaction gases and relates to a separator 
for the fuel battery and a manufacturing method of the separator. 

A separator in accordance with the present invention comprises a flat 
plate arranged to form a reaction chamber, a plurality of projections projected 
from the fiat plate and retained in contact with an electrode plate of the fuel 
battery, wherein the projections axe made of a conductive material different from 
the material of the flat plate and independently from the flat plate. 

hi the separator, the projections may be made of carbon or in the form of 
an insulation plate. The projections may be also made of synthetic resin, in the 
form of a conductive plate or made of synthetic resin containing carbon. 

Since the separator is composed of the flat plate of synthetic resm and 
the projections of pressed carbon powder mounted to the flat plate thercacross, 
the separator can be manufactured in a simple manner at a low cost without use 
of any expensive carbon block and without the cutting process repaired for 
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manufacture of a conventional separator. This is useful to provide the fuel 
battery at a lower cost than a conventional fuel battery of this kind 

A fuel battery in accordance with the present invention is composed of 
one or a plurality of cell function assemblies arranged in parallel, wherein the 
cell function assembly comprises an electrolytic membrane, a pair of electrode 
plates in contact with opposite surfaces of the electrolytic membrane, a first 
separator placed in contact with one of the electrode plates to form a reaction 
chamber supplied with fuel gas, a second separator placed n contact with the 
other electrode plate to form a reaction chamber supplied with oxidizing agent 
gas, and a set of current-collecting plates assembled respectively in contact with 
the first separator at an outermost side of the cell function assembly and the 
second separator at another outermost side of the cell function assembly, and 
wherein the separator in accordance with the present invention is used as the first 
and second separators. 

As the inexpensive separator is used in the fuel battery, 
the manufacturing cost of the fuel battery can be reduced in comparison with the 
conventional fuel battery of this kind 

In the fuel battery in accordance with the present invention, the electrode 
plate and die current-collecting plate can be formed as a single fiat plate or 
formed in a divided condition in a longitudinal direction or width direction. 

In the case that a separator with an insulation flat plate is used as 
the separator in the fuel battery, the cunent-collecdzig plates each may be divided 
into a plurality of spaced plates. To correspond with the current-collecting 
plates, the electrode plates each may be divided into a plurality of spaced plates 
in a longitudinal direction or width direction of the electrolytic membrane. In 
the fuel battery, a plurality of cell function portions are formed in an electrically 
separated condition, hi the case that the cell function portions are electrically 
connected in an appropriate manner in the interior or exterior of the fuel battery, 
an electric power can be generated at different voltages from a lower voltage to a 
higher voltage. 
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A first manufacturing method of the separator in accordance with 
the present invention comprises a first process of pressing carbon powder to form 
the projections, a second process of coating a sealing adhesive agent on a flat 
plate of synthetic resin, and a third process of assembling the projections with 
a plurality of mounting holes formed in the fiat plate in position. 

A second manufacturing method of the separator in accordance with 
the present invention comprises a first process of heating carbon powder 
containing a binder under pressure to form the projections, a second process of 
coating a sealing adhesive agent on a flat plate of synthetic resin, and a third 
process of assembling the projections with a plurality of mounting holes form in 
the flat plate and securing the projections in position. In the Tnaimfactoring 
method, the projections can be heated by an electric current applied thereto to 
melt the binder contained therein and hardened by cooling, 

A third manufacturing method of die separator in accordance with the 
present invention comprises a first process of pressing carbon powder containing 
a binder to form the projections, a second process of assembling the projections 
with a plurality of mounting holes formed in a flat plate of synthetic resin, and a 
third process of heating the projections under supply of an electric current to melt 
the binder contained therein and cooling the projections to harden them in 
position. 

A fourth manufacturing method of the separator in accordance with the 
present invention comprises a first process of pressing carbon powder to form the 
projections under pressure, a second process of coupling the projections within 
corresponding recesses formed in each cavity of molding dies and clamping the 
molding dies, and a third process of injecting melted synthetic resin into the 
cavity of the molding dies in a clamped condition. In the fourth manufacturing 
method, a binder may be contained as a forming material in the carbon powder, 
and the carbon powder may be heated under pressure to form the projections. 

A fifth manufacturing method of the separator in accordance with the 
present invention comprises a first process of filling carbon powder containing a 
binder in a plurality of upward recesses formed in a lower molding die in such a 
manner as to correspond with the projections, a second process of positioning a 
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flat plate framed with a plurality of through holes on the lower molding die m 
such a manner mat the through holes of the flat plate are opposed to me upward 
recesses of the lower molding die and positioning an upper molding die formed 
with a plurality of downward recesses on the flat plate so mat the downward 
recesses of me upper molding die are opposed to me upward recesses of me 
lower molding die, and a third process of pressing the carbon powder filled m the 
upward recesses of the lower molding die toward the upper molding die by 
means of pressure means disposed in each bottom of me upward recesses so that 
the projections are formed across the through holes of me flat plate, of heating 
under supply of an electric current to melt the binder contained in me projections 
and of cooling the projections to harden them in position. 

With the manufacturing methods described above, a separator composed 
of a flat plate of synthetic resin provided with a plurality of projections made of 
carbon can be manufactured at a low cost 

BREIF DESCRIPTION OF THE DRAWINGS 

In the drawings: 

Fig. 1 is a vertical sectional view of a portion of a conventional 
fuel battery; 

Fig. 2 is a perspective view of an embodiment of a fuel battery 
in accordance with the present invention; 

Fig. 3 is a vertical sectional view of the fuel battery taken along 

line X-X in Fig. 2; 

Fig. 4 is a perspective view illustrating a separator and a pair of support 
frames assembled in the fuel battery shown in Fig. 3; 

Fig. 5 is a perspective view of another embodiment of a fuel battery 
in accordance with the present invention; 

Fig. 6 is a sectional view of the fuel battery taken along liae Y - Y in 

Rg. 5; 

Fig. 7 is a perspective view illustrating a set of separators, a set ot 
electrolytic membranes, a set of electrode plates and a pair of support frames 
assembled in the fuel battery shown in Fig. 5; 

Fig. 8 illustrates a manufacturing process of the separator in accordance 

with the present invention; 

Fig. 9 illustrates a process for forming projections of die separator 
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in accordance witlt the present invention; 

Fig. 10 illustrates amounting process of projections of the separator; 

Fig. II illustrates a process for forming projections of the separator 
on the fiat plate; and 

Fig. 12 illustrates another process for forming projections of 
the separator on the flat plate, 

DESCRIPTION OF PREFERRED EMBODIMENTS 

First embodiment of Fuel battery; 

Illustrated in Figs. 2 and 3 is a first embodiment of a fuel battery 20A in 
accordance with the present invention, in which hydrogen gas is used as fuel gas 
and air is used as oxidizing agent gas. Assembled in the fuel battery 20 are 
separators in accordance with tile present invention. The fuel battery 20A is 
composed of a plurality of cell function assemblies 20a arranged in parallel and 
fastened by a phnaliry of mounting bolts 23 through a pair of spaced 
current^oUecring plates 21a, 21b made of conductive material such as stainless 
steel and a pair of spaced insulation support plates 22 made of synthetic resin 
such as polypropylene. 

As shown in Fig. 3, the cell function assemblies 20a each are composed 
of a set of spaced solid electrolytic membranes 24, two pairs of electrode plates 
25a, 25b adhered to opposite surfaces of each solid electrolytic membrane 24, a 
set of three separators 26 and a set of six support frames 27 assembled to retaine 
the solid electrolytic membranes 24 and separators 26 in position. In the 
respective cell function assemblies 20a, the solid electrolyte membrane 24 is 
made of ion-exchange resin such as Nafion (a trade name of a polymer made by 
dn Pon), hie electrode plates 25a, 25b each are in the form of a porous conductive 
plate made of carbon fabric with platinum catalyst deposited therein, and the 
support frame 27 is in the form of an insulation frame made of synthetic resin 
such as polypropylene. 

The separator 26 is in the form of a rectangular flat plate 26a provided 
with a number of projections 26b. The flat plate 26a is in the form of 
an insulation plate made of synthetic resin such as polypropylene, and the 
projections 26b each are in the form of a conductive pillar body made of pressed 
carbon powder. The projections 26a are mounted within a number of mounting 
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boles in the flat plate 26a and secured to the flat plate 26a in a condition where 
they are projected in the same length from opposite surfaces of the flat plate 26a. 
As shown in Fig. 4, the separator 26 has a fael gas inlet bole 26c 1 formed in an 
upper portion of flat plate 26a for providing a supply passage PI of fuel gas, a 
fuel gas outlet bole 26c2 formed in a lower portion of flat plate 26a for providing 
an exhaust passage of the fuel gas. The separator 26 is further provided with an 
inlet hole 26dl of oxidizing agent gas formed in a right-hand portion of flat plate 
26a for providing a supply passage P3 of oxidizing agent gas, an outlet hole 26d2 
of the oxidizing agent gas formed in a left-hand portion of flat plate 26a for 
providing an exhaust passage P4 of the oxidizing agent gas, an inlet hole 26el of 
cooling water formed in a right-hand upper corner of flat plate 26a for providing 
a supply passage PS of cooling water, and an outlet hole 26e2 of cooling water 
formed in left-hand lower corner of flat plate 26a for providing a discharge 
passage P6 of cooling water. 

The support frames 27 each are in the form of a rectangular flat plate 
formed at its central portion with a square opening 27a and formed at its outer 
peripheral portion with inlet and oudet holes 27b 1, 27b2 of fuel gas 
respectively corresponding with the inlet and outlet holes 26c 1, 26c2 of fuel gas 
formed in die separator 26, inlet and outlet holes 27c 1, 27c2 of oxidizing agent 
gas respectively corresponding with the inlet and oudet holes 26dl, 26d2 of 
oxidizing agent gas formed in the separator 26, and inlet and outlet holes 27dl„ 
27d2 of cooling water respectively corresponding with the inlet and oudet holes 
26el, 26e2 of cooling water formed in the separator 26. 

The inlet and outlet holes 27bl, 27b2 of fuel gas are fitted with 
the corresponding inlet and oudet holes 26cl, 26c2 of fuel gas in the separator 26 
for proving the supply passage PI and exhaust passage P2 of fuel gas, and the 
inlet oudet holes 27cl, 27c2 of oxidizing agent gas are fitted with the 
corresponding inlet and outlet holes 26dl, 26d2 of oxidizing agent gas in the 
separator 26 for providing die supply passage P3 and exhaust passage P4 of 
oxidizing agent gas. Similarly, the inlet and oudet holes 27dl, 27d2 of cooling 
water are fitted with the corresponding inlet and outlet holes 26ei, 26e2 of 
cooling water in die separator 26 for providing the supply passage P5 and 
discharge passage P6 of cooling water. 
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The cell function assemblies 20a each include two sets of 
electrode plates 25a, 25b respectively adhered to two spaced solid electrolytic 
membranes 24 and three separators 26 winch are alternately arranged and 
supported by six support frames 27. Thus, the fuel battery 20A is composed of 
a plurality of the cell function assemblies 20a each provided with a pair of 
cuiieixr-collecting plates 21a, 21b and arranged in parallel between the support 
plates 22. 

In the respective cell function assemblies 20a, the space between 
the solid electrolytic membranes 24 is subdivided by the flat plate 26a of the 
interim separator 26 into reaction chambers Rl and R2. The reaction chamber 
Rl is exposed to the electrode plate 25a and supplied with fuel gas such as 
hydrogen gas, while the reaction chamber R2 is exposed to the electrode plate 
25b and supplied with oxidizing agent gas such as air. The space between the 
left-hand solid electrolytic membrane 24 and the left-hand support plate 22 is 
subdivided by the flat plate 26a of the left-hand separator 26 into a reaction 
chamber Rl which is exposed to the electrode plate 25a and supplied with the 
fuel gas, while the space between the tight-hand solid electrolytic membrane 24 
and the right-hand support plate 22 is subdivided by the flat plate 26a of the 
right-hand separator 26 into a reaction chamber R2 which is exposed to the 
electrode plate 25b and supplied with the oxidizing agent gas. The space 
between the separators 26 positioned at one sides of the cell function assemblies 
20a adjacent to each other is formed as a cooling chamber R3 which is supplied 
with cooling air. The projections 26b of the interim separator 26 are retained in 
contact with the electrode plates 25a and 25b opposed to one another through the 
opening 27a of support frame 27. The projections 26b of the left-hand separator 
26 are retained in contact with the electrode plate 25a and the left-hand current 
collecting plate 21a at their opposite ends, while the projections 26b of the 
right-hand separator 26 are retained in contact with the electrode plate 25b and 
the right-hand current collecting plate 2 lb at their opposite ends. 

When the fuel battery 20A is not used, as shown in Fig. 2> the supply 
passage PI and exhaust passage P2 of fuel gas, the supply passage P3 and 
exhaust passage P4 of oxidizing agent gas and the supply passage P5 and 
discharge passage P6 of cooling water each are closed by closure plugs 28. In 
use of the fuel battery 20A, the closure plugs 28 are removed to open the 



9 



respective passages PI - P6, and the inlet ports of supply passages PI, P3 and P5 
are connected to supply sources of hydrogen gas, air and cooling water, 
respectively. In such a condition, the fuel battery 20A is used under supply of 
the hydrogen gas, air and cooling water into the cell function assemblies 20a. 

In the fhel battery 20A, the hydrogen gas is supplied in to the reaction 
chambers Rl of the cell function assemblies 20a through the supply passage PL 
and exhausted from die exhaust passage p2 7 and the air is supplied into the 
reaction chambers R2 of the cell function assemblies 20a through the supply 
passage P3 and exhausted from the exhaust passage P4. The cooling water is 
supplied into die cooling chamber R3 of the cell function assemblies 20a through 
the supply passage P5 and discharged from the discharge passage P6. The 
hydrogen gas and air supplied into the reaction chambers Rl and R2 causes 
an oxidation-reduction reaction through the solid electrolytic membranes 24 to 
generate an electric power at the electrode plates 25a, 25b. The 
ojddation-reduction reaction of hydrogen gas and air is enhanced by die platinum 
catalyst contained in the electrode plates 25a, 25b, and the generated electric 
power is derived to the exterior from the projections 26b of separators 26 
retained in contact with the electrode plates 25a, 25b through die current 
collecting plates 21a, 21b, During use of the fuel battery 20A, the cell function 
assemblies 20a are cooled by the cooling water supplied into the cooling 
chamber R3 through the air supply passage P5. 

Since the separators 26 assembled in the fuel battery 20A each are 
composed of the fiat plate 26a of synthetic resin and the projections 26b of 
pressed carbon powder mounted to the flat plate 26a thereacross as described 
above, the separators 26 can be manufactured in a simple manner at a low cost 
without use of any expensive carbon block and without the cutting process 
required for manufacture of a conventional separator; This is useful to provide 
the fuel battery 20A at a lower cost than a conventional fuel battery of this type. 

Although in the fuel battery 20A, the insulation fiat plate 26a of synthetic 
resin and the conductive projections 26b of pressed carbon powder have been 
adapted to provide die separator 26, the flat plate 26a may be replaced with 
a conductive flat plate made of synthetic resin containing carbon powder 
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Second 

Illustrated m Figs. 5 and 6 is a secona e ^ hydrogen 

maccordancewifctheprese*^ 

misused as fuel gas, me a* ""tT^SEd therein as in the fuel 
Sconce with *e P^^Xr^5,thefue 1 bat teiy 20Bis 
battery 20A of ^ first em^^ As^ *3 d ^ ^ 

cotdposcd of a plurality of cettfeca^ass^w _ nghtW 

.Zllcd with Ration support 

carrenl^coUecnng plates 21bl - 21b4 J^ P plmali ty of mounting bolts 
plates 22 which arc fastened ^ by w are made of 

23. Hie currcut-coUectmg plates 21al - zia 20A of the first 

conductive material such "^^^ tf'^c resin such as 
embodiment, and the support plates 22 are maoc 

polypropylene- 

M ^ i. Figs. 6 »d 7. *. ceu .Ml- ?£Z** 

^taanes 24, four -T*^ « separators 26, ml a M 

membranes 24 and separators 26 in position . 

21b4 are made of the same matenal as that <* * ^ ^ dectrolytic 

2 lb in the fuel battery 20A and divided ^ ^ ^ those in tiie 

n^^es 24, separators 26 andjupport ^ 24al _ ^ ^ 

&elbattery20A of the first embodiment . f ^^ electrode plates 25a, 
9Shl - 25M arc made of the same material as that ol the clcc *™>' 

7 ^Tw,™ 70 A and divided into four pieces, respectively In a 
25b in the fuel battery 20A ^ «™* 25a4 and 25bl - 25b4 have been 
cation whe* the el**c4e to me ^^ecting 

feel battery 20B is the same as that of me fuel battery 20 A 
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n. Of r^^C ^^U^20B, ^cfric power canb. 
? ^JtlTS ^ rfE — oonecting plates a»d «n b= op^Hy 

me current-collecting plates. 

[First manufacturing method of Separator] 
The separator 26 can be manufacture at a lower cost less to 
tie convert separator for the following reason- As shown u *g. 8 the 
SaSTmaStnrcd hy a first process of forming me m"*"? 
uX^ste,ase^ 

^Tces of the flat plate 26a of synthetic resm prelnmnar^ formed m 
^SraSdflatplL, and a third process of --mbtog ^ ^ous 2^ 
a ^nber of mLmng holes of me flat plaic 26a mereacross so mat the 
projections 26b are secured by the adhesive agent m posmon. 

In the manufacturing processes, carbon powder of less than 100 nm in 
pore size is used as a material of me projections 26b andpr^^er^h^ 

^essure of from 500 kgW to 5000 kgftrf to form ^fT^X 
Lamle,of2mmmdiameterai 1 d3mmmler^ L The £ 
^Zinarily prepared by an injection forming process and ts formed the 
SLt holes IH^Lu outlet holes 26c2 - 26e2 and me mour^ng hcrfes fo 
engagement with me projections 26b. The flat plate 26a is made of «rt«c 
"rsu^aspolvpropyleneandpreparedmmefo^ 

of 1. nun in thickness and 150 mm in width. The mounting holes for 
engagement with the projections 26b may be formed during me forrrnng proems 
«f S flat plate 26* or formed by drilling after me fornung process of the flat 
plate 26a. The flat plate 26a may be made of synthetic resm containing carbon 
powder. msuchacase,thefktplate26abecomesconductive. 

The sealing adhesive agent is used to secure the projections 26b 
assembled with the mounting holes of flat plate 26a in posmon m an 
IDUia. ft iS, therefore, preferable that the adhesrve agent * coated on opposite 
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surfaces of the flat plate 26a and inner peripheries of the mounting holes. As 
the adhesive agent, synthetic resin adhesive of acetic vinyl or polyester is used. 
In a condition where the projections 26b have been assembled with the mounting 
holes of fiat plate 26a coated with the adhesive agent, the projections 26b are 
secured to the mounting holes of flat plate 26c in an air-tight manner by 
hardening of the adhesive agent In the case that die flat plate 26a is prepared 
without the inlet holes 26c 1 - 26el and outlet holes 26c2 - 26e2, the flat plate 
26a is formed with the inlet holes 26c 1 - 26el and outlet holes 26c2 - 26e2 after 
the projections 26b have been secured thereto, 

[Second manufacturing method of Separator] 

In a second manu&eturiiig method of the separator 26, carbon powder 
containing a binder is used as a material of the projections 26b. Although this 
manufacturing method is substantially the same as the first manufecturing 
method, the carbon powder is pressed under a medium pressure at a room 
temperature during the first forming process of the projections 26b, and the 
binder in carbon powder is molten by heat during the pressing process. 
Illustrated in Fig- 9 is a press-forming device which includes a die 31 filled with 
the carbon powder containing the binder, a punch 32 for pressing the carbon 
powder, and means for applying an electric current between the die 3 1 and punch 
32. 

In the manufacturing method, a thermoplastic binder of phenol resin is 
used as the binder. In such a case, the carbon powder is uniformly mixed with 
file binder of 10 - 20 % by weight and pressed under a medium pressure of from 
50 kgftm2 to 500 kgf/cm 2 at a room temperature during which an electric 
current of 20A to 50 A is applied at a voltage of 12 V between the die 31 and 
punch 32 for one second. In this instance, the binder in carbon powder is 
melted in a moment and hardened by cooling immediately after die supply of the 
electric current is stopped- With the manu&cturing method, the projections 26b 
can be formed under a lower pressure than the forming pressure in the first 
manufacturing method. 

(Third manufacturing method of Separator] 

In a third manu&cturing method of the separator 26, carbon powder 
$9&t&£Un§ & binder is used as a material of the projections 26b. In this case, the 
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separator 26 is manufactured by a first process of forming the projections 26b 
under pressure, a second process of assembly the projections 26b with a number 
of mounting holes formed in a flat plate 26a of synthetic resin and securing ihe 
projections in position, and a third process of heating the projections 26b 
mounted to the flat plate 26a so that the binder in projections 26b is melted by 
heat 

In the manufacturing method, for example, a thermoplastic binder of 
phenol resin is used as the binder. In this case, the carbon powder is pressed 
under a medium pressure of from 50 kgfrcm 2 to 500 kgf/cm 2 at a room 
temperature during the first process, and as shown in Fig. 10, the projections 26b 
mounted to the flat plate 26a are placed between a pair of electrode plates 33a, 
33b and applied with an electric current of from 5 A to 20A at a voltage of 12V 
per one projection for one second In this instance, the binder in projection 26b 
is melted in a moment and hardened by cooling immediately after the supply of 
the electric current is stopped. With the manufacturing method, the projections 
26b of the same strength and hardness as those of die projections in the first 
manufacturing method can be formed without any use of a sealing adhesive agent, 
and the mounting strength of the projections 26b is enhanced. 

[Fourth manufacturing method of Separator] 

In a fourth manufacturing method of the separator 26, carbon powder 
containing a binder is used as a material of the projections 26b. In this case, the 
separator 26 is manufactured by a first process of pressing the carbon powder to 
form the projections 26b under pressure, a second process of coupling the 
projections 26b within corresponding recesses formed in each cavity of molding 
dies and clamping the molding dies, and a third process of injecting melted 
synthetic resin into the cavity of the molding dies in a clamped condition. 

During the first process, the carbon powder is pressed under a high 
pressure of from 500 kgf/cm 2 to 5000 kgf/cm 2 at a room temperature. During 
the second process, as shown in Fig. 11, the projections 26b are coupled within 
the corresponding recesses 34al formed in a lower molding die 34a of a molding 
device 34, and an upper molding die 34b is placed on the lower molding die 34a 
in such a manner that the projections 26b axe coupled within the corresponding 
r^esses 34bl formed in the upper molding die 34b. In such a condition, the 
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molding dies 34a and 34b are clamped. Dining the third process, thermoplastic 
resin such as polypropylene in a melted condition is injected from an injection 
molding machine 35 into a cavity 34c of the molding device 34. Thus, the flat 
plate 26a of synthetic resin is formed in the cavity 34c of molding device 34, and 
the projections 26b are integrally formed with the flat plate 26a. 

With the manufacturing method described above, the projections 26b can 
be integrally formed with the flat plate 26a daring the forming process of flat 
plate 26a without forming a number of mounting holes in the flat plate 26a and 
without use of a sealing adhesive agent Although in the manufectoring method, 
the carbon powder is used without containing any binder, carbon powder 
containing a binder may be used as a material of the separator 26. In such a 
case, the carbon powder is formed by heat-pressing as in the second 
manufacturing method 

[Fifth manufecturing method of Separator] 

In a fifth manufacturing method of the separator 26, carbon powder 
containing a binder is used as a material of the separator 26. In this case, the 
separator 26 is manufactured by a first process of filing the carbon powder in a 
plurality of recesses foamed m a lower molding die in such a manner as to 
correspond with the projections 26b, a second process of positioning a flat plate 
26a formed with a plurality of through holes on the lower molding die in 
such a manner that the through holes of the flat plate are opposed to the recesses 
of the lower molding die, and a third process of pressing the carbon powder filled 
in the recesses of the lower molding die toward an upper molding die by means 
of pressure pistons disposed in each bottom of the recesses so that the projections 
26b are formed across the through holes of the flat plate and of heating the 
projections 26b by supply of an electric current to melt the binder contained in 
the projections 26b. 

Illustrated in Fig. 12 is the third process in which a molding device 35 is 
used to integrally form the projections 26b with fee flat plate 26a, The molding 
device 35 is composed of a lower molding die 35a, an upper molding die 35b and 
a plurality of pressure pistons 35c disposed in each bottom of upward recesses 
35al formed in the lower molding die 35. In the manufacturing method, the 
Carbon powder containing Ac binder is filled in the upward recesses 35al of 
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lower molding die 35a during the first process. During the second process, Hie 
flat plate 26a is positioned on the lower molding die, and the upper molding die 
35b is placed on the flat plate 26a in a condition where a plurality of downward 
recesses 35M formed in flic upper molding die 35b are opposed to the upward 
recesses 35al of town: molding die 35a. In this case, the flat plate 26a is in the 
form of a flat plate of synthetic resin fanned with a plurality of through holes 
26al opposed to the upward recesses 35al of lower molding die 35. 

During the third process, the pressure pistons 35c are moved under 
pressure to press upward the carbon powder filled in the recesses 35al of lower 
molding die 35a so that a portion of the carbon powder is introduced into the 
downward recesses35bl of upper molding die 35b through die holes 26al of flat 
plate 26a. In this instance, the carbon powder in the recesses 35al, 35bl of 
both the molding dies 35a and 35b is pressed under pressure to form the 
projections 26b passing through the holes 26al of flat plate 26a. For example, 
the press-forming is effected under a medium pressure of from 50 kgf/cm 2 to 500 
kgf/cm 2 at a room temperature. After the press-forming, an electric current of 
20 A to 50 A is applied between the lower and upper molding dies 35a and 35b at 
a voltage of 12 V per one projection 26b for about one second. At this stage, 
the binder in the projections 26b is melted by heat in a moment and hardened by 
cooling after the supply of the electric current is stopped. With the 
manufacturing method, the projections 26b can be integrally formed with the flat 
plate 26a without coupling with the through holes 26al of flat plate 26a. The 
projections 26b of the same strength and hardness as those of the projections 
formed in the first manufacturing method can be formed under a lower pressure 
than that in the first tnanufastmnng method. 
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CLAIMS: 

1. 



i A separator for a fuel battery in which fuel gas and oxidmng agent 
E as are used as reaction gases, comprising a flat plate arranged to form a reaction 
chamber, a plurality of projections projected from the flat plate and retained m 
contact with an electrode plate of the fuel battery, wherein the projections are 
made of a different kind of conductive material independently from the flat plate. 

2. A separator for a fuel battery as claimed in Claim 1, wherem 
me projections are made of carbon. 

3. A separator fox a fuel battery as claimed m Claim 1, wherem 
the flat plate is in the form of an insolation plate. 

4. A separator for a fuel battery as claimed in Claim 1, wherein 
me fiat plate is made of synthetic resin. 

5. A separator for a fuel battery as claimed in Claim 1, wherem 
the flat plate is in the form of a conductive plate. 

6. A separator for a fuel battery as claimed in Claim 5, wherein 
the flat plate is made of synthetic resin containing carbon. 

7 A fuel battery composed of at least a cell function assembly 
comprising an electrolytic membrane, a pair of electrode plates in contact with 
opposite surfaces of me electrolytic membrane, a first separator placed m contact 
with one of the electrode plates to form a reaction chamber supplied with fuel gas, 
a second separator placed in contact with me other electrode plate to form a 
reaction chamber supplied with oxidizing agent gas, and a set of 
current-collecting plates assembled respectively in contact wife me first separator 
at an outermost side of the cell function assembly and me second separator at 
another outermost side of me cell function assembly, wherem the separator 
claimed in Claim 3 or 4 is used as the first and second separators. 

8. A fuel battery as claimed in Claim 7, wherem the cmrTrat-collecting 
plates each are divided into a plurality of spaced plates. 
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9. A fuel battery as claimed in Claim 7, wherein the electrode plates 
each are divided into a plurality of spaced plates, and wherein the 
current-collecting plates each are divided into a plurality of spaced plates, 

10. A fuel battery composed of at least a cell function assembly 
comprising an electrolytic membrane, a pair of electrode plates in contact with 
opposite surfaces of die electrolytic membrane, a first separator placed in contact 
with one of the electrode plates to form a reaction chamber supplied with fuel gas, 
a second separator placed in contact with the other electrode plate to form a 
reaction chamber supplied with oxidizing agent gas, and a set of 
current-collecting plates assembled respectively in contact with die first separator 
at an outermost side of the cell function assembly and the second separator at 
another outermost side of the cell function assembly, wherein the separator 
claimed in Claim 5 or 6 is used as the first and second separators. 

11. A manufacturing method of a separator for a fuel battery claimed 
in Claim 4 or 6, comprising a first process of pressing carbon powder to form the 
projections, a second process of coating a sealing adhesive agent on a fiat plate of 
synthetic resin, and a third process of assembling the projections with a plurality 
of mounting holes formed in the flat plate and securing the projections in 
position. 

1 2. A manufacturing method of a separator for a fuel battery cl aimed 

in Claim 4 or 6, comprising a first process of heating carbon powder containing a 
binder under pressure to form the projections, a second process of coating a 
sealing adhesive agent on a fiat plate of synthetic resin, and a third process of 
assembling the projections with a plurality of mounting holes formed in the flat 
plate and securing the projections in position, 

13. A manufacturing method of a separator for a fuel battery as claimed 
in Claim 12, wherein the projections are heated by an electric current to melt the 
binder contained therein and hardened by cooling. 

14. A manufacturing method of a separator for a fuel battery claimed in 
Claim 4 or 6, comprising a first process of pressing carbon powder containing a 
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binder to form the projections, a second process of assembling the projections 
with a plurality of mounting holes formed in a flat plate of synthetic resin, and a 
third process of heating the projections by an electric current to melt the binder 
contained therein and cooling the projections to harden them in position. 

15. A manufacturing method of a separator for a fuel battery claimed 
in Claim 4 or 6, a first process of pressing carbon powder to form die projections 
under pressure, a second process of coupling the projections within 
corresponding recesses formed in each cavity of molding dies and clamping the 
dies, and a third process of injecting melted synthetic resin into the cavity of die 
molding dies in a clamped condition. 

16. A manufacturing method of a separator for a fuel battery claimed 
in Claim 15, wherein carbon powder containing a binder is heated under pressure 
to form the projections. 

1 7 . A manufacturing method of a separator for a fuel battery claimed 

in Claim 4 or 6, comprising a first process of filling carbon powder containing a 
binder in a plurality of upward recesses formed in a lower molding die in such a 
manner as to correspond with the projections, a second process of positioning a 
flat plate formed with a plurality of through holes on the lower molding die in 
such a manner that the through holes of the fiat plate are opposed to the upward 
recesses of the lower molding die and positioning an upper molding die formed 
with a plurality of downward recesses on the flat plate so that the downward 
recesses of the upper molding die are opposed to the upward recesses of the 
lower molding die, and a third process of pressing the carbon powder filled in the 
upward recesses of the lower molding die toward the upper molding die by 
means of pressure means disposed in each bottom of the upward recesses so that 
the projections are formed across the through holes of the flat plate, of heating 
under supply of an electric current to melt the binder contained in the projections 
and of cooling the projections to harden them in position. 
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ABSTRACT; 

The present invention relates to a fuel battery 20A in which fuel gas and 
oxidizing agent gas are used as reaction gases and relates to a separator 26 for the 
fuel battery 20A and a manufacturing method of the separator 26. The 
separator 26 is composed of a fiat plate 26a arranged in the fuel battery 20A to 
form a reaction chamber therein and a plurality of projections 26b projected from 
the fiat plate 26a and placed in contact with electrode plates 25a, 25b. The 
projections 26b are made of a different kind of conductive material 
independently from the flat plate 26a, For example, the projections 26b each 
are in the form of a conductive pillar body made of pressed carbon powder and 
assembled with a plurality of mounting holes formed in the flat plate 26a to 
provide the separator 26. The separator 26 can be provided at a lower cost than 
a conventional separator made of carbon in its entirety. The fuel battery 20A 
assembled therein with a plurality of the separators 26 can be provided at a lower 
cost than a conventional fuel battery of this land. 
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under pressure 



Second process of 
coating a sealing 
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assembling the 
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